ABSTRACT
Canine rabies continues to be a major public health problem in most parts of the world. Human rabies transmitted by rabid dogs corresponds to 76.6% of the recorded cases in the Americas 7 and to 83% of registered cases in São Paulo State, Brazil, from 1980 to 1994 12 . Considering that the estimated dog population in Latin America and the Caribbean is about 40 million, which corresponds to one dog for every 8-13 inhabitants 1 , dogs play an important role in rabies occurrence.
During the period from 1970 to 1980, Brazil registered an annual average of 2,400 cases of canine rabies 6 . Rabies control measures such as mass dog vaccination campaigns have been undertaken, resulting in a considerable reduction in the number of human and dog rabies cases (78% and 90% decrease in human and dog rabies cases, respectively) during the period of 1980 to 1990. However, at the end of the decade the incidence has increased again 8 . From 1990 to 1999, Brazil registered an average of 870.3 cases of rabies in dogs 10 .
In the northwestern region of São Paulo State an epidemic of canine rabies initiated in 1991 and disseminated to the neighboring districts at a rate of 26.4km per year, reaching 10 municipal districts. Dogs represented 87.2% of the total positive animal samples 10 . As a consequence of this canine epidemic, two human rabies cases were registered in Araçatuba and Avanhandava, in 1994 and 1997, respectively (Instituto Pasteur/ São Paulo, unpublished data).
In spite of the fact that canine rabies epidemics have been reported all over the world, epidemiological descriptions are scarce 3 , especially in Brazil. This work presents some epidemiological characteristics of the canine rabies epidemic in the northwestern region of São Paulo State, Brazil, from 1993 to 1997.
MATERIAL AND METHODS
The studied area comprises 42 municipal districts that sent at least one canine sample for examination during the study period. Positive cases were analyzed from nine municipal districts of varying size, in the northwestern São Paulo State, where a canine rabies epidemic has been observed ( Figure 1 ). Table 1 shows the number and percentage of examined samples and rabies positive dogs during the studied period according to their origin. A total of 1,984 samples were evaluated and 351 (17.7%) were positive by either fluorescent antibody test or mice inoculation test. The highest percentage of positivity (number of positive samples from the examined samples) was observed in Rubiacea district, where almost all the examined samples tested positive (88.9%). Figure 1 shows these cases according to their geographical distribution and the percentage in each district. The highest numbers of positive cases, from the total detected cases, were observed in the municipal districts of Birigüi (40.2%) and Araçatuba (37.9%).
RESULTS
Rabies diagnosis was performed by fluorescent antibody and mice inoculation tests, according to the World Health Organization recommendations 13 .
Using a data base program (Dbase 3 Plus®), epidemiological files from 351 dogs with positive rabies laboratory diagnosis were evaluated in that region, from 1993 to 1997. Data on the origin, environment, breed, age, sex, rabies vaccination status, clinical signs, aggression and ownership conditions were analyzed. Unfortunately, not all the files contained complete information concerning the analyzed data and in most of the cases it was not possible to obtain further details.
The chi-square test was used for specified proportions 14 . Figure 2 presents the distribution of all recorded positive cases according to the quarters of the year. There was a significant increase (p < 0.001) in the frequency of cases during the first and second quarters of 1994. The highest proportion of dogs, corresponding to 89% (311/351) originated from urban areas, whereas only 11% (39/351) were from rural areas. Among the urban positive cases 85% (266/311) were owned dogs.
A total of 324 files had information about the breed of the animals and 280 corresponded to mongrel dogs (86%). Eighty three percent (292/351) of the files had information about sex and 61.0% corresponded to males and 39.0% to females (p < 0.001). Table 2 shows information regarding age, which was obtained from 208 files (59% of the total). The median age of the rabid dogs was 34 months and the highest age frequency was 24 to 48 months corresponding to 26% (p < 0.001), 12 to 24 months and 6 to 12 months, both with 17.3% occurrence.
DISCUSSION
In the last few years urban rabies control in Brazil and specifically in the northwestern São Paulo State region was undertaken mostly by mass immunization campaigns besides laboratory diagnosis of suspected rabid animals. In the five years prior to the rabies epidemic, vaccination coverage in Araçatuba region had reached 80.0% of the total estimated dog population (approximately 15,000 dogs), considering a dog-to-person ratio 1: 8-13 1 , which is usually used as a basis in many American countries. However, the dog-to-person ratio observed in this region was 1:3.5 indicating that possibly, the real coverage was below this estimation 5 . Consequently, urban rabies outbreaks appeared in many municipal districts of the region, particularly in Araçatuba contributing to the epidemic progression towards the East, reaching a total distance of 152km 10 .
The increase in the number of cases observed during the first and second quarters of 1994 occurred just after the first human rabies case registered in January 1994 in Araçatuba. This might have contributed to the increased number of samples sent for rabies diagnosis. In addition, the large number of free roaming dogs and the poor capture service allowed a rapid dissemination of rabies virus among the dog population.
In the urban areas of these districts, where the highest concentration of dogs is recorded, our results show that most of the rabid dogs were owned. However, they were certainly not restrained when outdoors, which is a common custom in developing countries 2 . The highest percentage of positive male dogs (61%) might be due to the fact that when free roaming females are in heat, fights will be more numerous and the roaming range will expand and also because they usually define their territory and challenge any dog which does not belong to their group 1 . Similar results were described in Mexico 3 and the United States 2 where authors described the highest percentage of positive rabies cases occurring in males.
Concerning the age distribution of positive dogs, the highest frequencies were observed between 6 and 48 months, which corresponds to 60.6% of the cases, probably because of the lack of vaccination or immune response. Eng et al 3 observed that the highest frequency of rabid dogs in Mexico was between 6 and 12 month of age when they had a great mass of unvaccinated dogs. In the present study, aggressiveness was observed in 77% of the cases that had information on clinical signs while the same symptom was observed in 29.3% of rabid dogs in United States 2 . The high percentage of dogs showing aggressiveness in our study, is related to the high frequency (47.6%) of dogs that had bitten humans or other animals. It should be emphasized that 61.7% of the aggressors were owned, and only 46% were vaccinated against rabies. These observations reflect the carelessness of the owners, mainly concerning vaccination and allowing their pets to roam freely on the streets.
Reports of rabies in vaccinated dogs especially among younger animals that have a higher susceptibility to infection and probably do not have an adequate seroconversion and protection 3 is quite common but, in our study, this proportion corresponded to 49%, which means that almost half of the Concerning clinical findings, 23% of the files did not contain any information. From a total of 269 animals for which at least one sign was reported, aggressiveness was the most frequent sign (77%) followed by lameness and limb paralysis (42%), change in voice (30%) and jaw paralysis with excessive salivation (26%). Lethargy was reported in only 11% of the dogs. Most of the files (97%), contained information about aggression and in 48% (162/340) of the cases, rabid dogs had bitten a human or other animal. Ninety one percent (148/162) of these aggressors were owned dogs.
During the analyzed period, dogs were responsible for the transmission of rabies to 21 herbivores including 12 cattle, 6 horses, 2 pigs and 1 sheep, 19% of which (4/21) corresponded to animals kept in urban areas.
Vaccination status was informed in 52% (182/351) of the files and 51% (92/182) of these dogs, had never been vaccinated against rabies. Figure 3 presents the distribution of rabid dogs according to age and vaccination status. The highest percentage of rabid vaccinated dogs was 50.0% and occurred between the age of 12 and 24 months as well as in dogs over ten years old.
From a total of 182 registers that had information about vaccination status, 54 rabid dogs (29.6%) were owned, aggressive and unvaccinated against rabies. LD50/0.03ml (50% Lethal Doses). Among the vaccinated dogs, the highest percentage of rabies occurred in those aged between 12 and 24 months (50%) emphasizing the observations already made in an earlier study that only after receiving three or more doses of vaccines in mass campaigns, over consecutive years, the animals will present adequate and durable rabies antibodies levels 11 . Similar results showing the benefits of several vaccinations on the antibody titers were reported by Seghaier et al 9 .
To better discuss these data, more information is necessary about the time between the last vaccination and death, the age of first vaccination and the number of doses received during their lifetime, unfortunately however, such information is not available in local records.
Our findings show the necessity of intensifying control measures, population health education, specially referring to responsible ownership, which involves adequate vaccination and restricting pets from street roaming, in addition to daily care.
We consider that this kind of report is important for epidemiological surveys and can help to modify rabies control measures and contribute to a better understanding of the dynamics of urban dog populations.
